Introduction
============

Parkinson\'s disease (PD) is a common neurodegenerative disorder characterized by rigidity, bradykinesia, tremor, and disturbances in gait as well as non-motor symptoms that are associated with dopaminergic system dysfunction. Neuroleptic treatments, including dopamine receptor antagonists, can often cause symptoms that resemble those seen in PD, thus leading to what is called "drug-induced parkinsonism" (DIP).

DIP is one of the most common causes of Parkinson\'s-like symptoms, second only to PD itself ([@B1], [@B2]). Unlike PD, however, previous studies have suggested that DIP is less likely to lead to resting tremor and more likely to manifest in symmetric symptoms as well as dyskinesia or akathisia. Furthermore, the symptoms associated with DIP appear to be less responsive to levodopa than those caused by PD ([@B3], [@B4]). While diagnosing DIP based on the patient\'s drug history alone may appear straightforward, it may be possible for DIP to mask the onset of PD, which can be provoked by neuroleptics ([@B5]).

Recently, ^123^I-FP-CIT SPECT (DAT-SPECT) and ^123^I-metaiodobenzylguanidine (MIBG) myocardial scintigraphy have become widely used in medical practice to help distinguish between PD and DIP ([@B5]-[@B8]). Assessing neurologically related symptoms may be useful for differentiating patients with PD from those with pure DIP. Indeed, PD may be preceded by symptoms, such as subtle motor and non-motor features ([@B9]), including rapid eye movement sleep behavior disorder (RBD), olfactory dysfunction, and constipation ([@B10]).

In the present study, we sought to assess whether or not patients with DIP and PD could be differentiated from those with pure DIP based on DAT-SPECT abnormalities (DAT-positive versus DAT-negative group). We compared the clinical features between DAT-positive and DAT-negative groups and also sought to confirm whether or not a decreased uptake of the MIBG myocardial scintigraphy ligand would occur invariably in the DAT-positive group.

Materials and Methods
=====================

Twenty-three patients (11 men, 12 women; age: 52-81 years old) who had developed parkinsonism after at least 2 weeks of neuroleptic treatment were enrolled in the study between August 2013 and July 2019. No patient had a prior history of parkinsonism, but all patients that were included in the study had a prior psychiatric diagnosis of schizophrenia, depression, or undetermined psychiatric disease. This study was approved by the Ethics Committee of Mie University Hospital (permit numbers 3148 and 2184), and all procedures were in accordance with the Declaration of Helsinki.

The patients were asked to report any history of medication, the time between the beginning of the neuroleptic treatment and the start of their symptoms (duration to worse/onset), any history of diabetes mellitus or heart disease, and any non-motor preclinical symptoms, including constipation, hyposmia, and RBD. Constipation was defined as stool defecation less than every other day or, if the patient consumed laxative drugs, less than on a daily basis. Hyposmia was assessed by questioning the patients on their ability to perceive odors and by directly assessing olfaction with freshly brewed coffee. Olfactory dysfunction was assessed with an odor stick identification test designed for Japanese people (OSIT-J) for two patients ([@B11]). Patients were screened for RBD by checking for the presence of a violent or excessive episode of movement during sleep. Motor symptoms, including tremor, rigidity, and bradykinesia, as well as the laterality of the symptoms were assessed independently by two neurologists. When both of them reported laterality of either tremor or rigidity, the presence of laterality was determined. During this assessment period, patients were not taking any anti-parkinsonian drugs.

Non-motor symptoms, including autonomic dysfunction and cognitive impairment, were also assessed. For the assessment of cognitive impairment, patients with a Mini-Mental State Examination (MMSE) score of ≤ 23 were considered cognitively impaired. Urinary dysfunction was assessed using a questionnaire on urinary urgency and nocturia. Orthostatic hypotension was defined by a 30-mmHg decrease in systolic blood pressure on standing. All patients underwent neuroimaging of the head with magnetic resonance imaging (MRI) and angiography (MRA) as well as DAT-SPECT; the latter was reviewed according to the visual assessment method of Kahraman et al., based on five predefined patterns ([@B12]). Each patient\'s DAT-SPECT findings were also independently assessed by two neurologists. The asymmetry index (AI) of the specific binding ratio (SBR) was calculated using the following equation, based on previous publications ([@B13], [@B14]): AI of SBR = (SBR of the right - SBR of the left) ×2 / (SBR of the right + SBR of the left) ×100 \[%\].

DAT-SPECT results were assessed as previously described ([@B15]). Patients who exhibited abnormal DAT-SPECT patterns (Grade 1-4) underwent an MIBG myocardial scintigraphy examination ([@B16]). Furthermore, eight patients who showed normal DAT-SPECT results also underwent MIBG myocardial scintigraphy. Using a standardized assessment method of MIBG myocardial scintigraphy ([@B17]), we defined a normal heart-to-mediastinum (H/M) ratio (delayed) as ≥2.20 and a low H/M ratio as \<2.20 (delayed) ([@B18]). In addition, we divided patients into two groups (PD or DIP) based on whether or not they exhibited a combined abnormal pattern on DAT-SPECT and whether or not they showed a low H/M ratio on MIBG myocardial scintigraphy.

Statistical analyses
--------------------

A univariate analysis and Mann-Whitney U-tests were used to compare continuous variables between the DAT-positive and DAT-negative groups, while Fisher\'s exact test was used to analyze categorical data. Continuous variables are presented as the mean ± standard deviation, whereas categorical variables are reported as percentages. A p value \<0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 24 (IBM, Armonk, USA).

Results
=======

Patients were divided into two groups based on whether their DAT-SPECT findings were normal (n = 12) or abnormal (n = 11) (DAT-positive group, [Table 1](#t001){ref-type="table"}). Nine of the 11 patients in the DAT-positive group showed a low delayed H/M ratio on MIBG myocardial scintigraphy ([Figure A, B](#g001){ref-type="fig"}), while the remaining 2 showed a normal H/M ratio. A diagnosis of PD was made based on the DAT-SPECT findings. Of the 12 DAT-negative patients, 7 showed a normal H/M ratio on MIBG myocardial scintigraphy ([Figure C, D](#g001){ref-type="fig"}, [Table 2](#t002){ref-type="table"}). One patient (case 11) who had a slightly low H/M ratio was also diagnosed with DIP, as his symptoms showed recovery after he stopped taking escitalopram, and his DAT-SPECT results were normal. No patient took any tricyclic antidepressants. A total of three patients had diabetes mellitus: case 2 in the DAT-positive group and cases 3 and 7 in the DAT-negative group. Furthermore, three patients had angina pectoris: case 5 in the DAT-positive group and cases 4 and 7 in the DAT-negative group. No patient from either group had significant vascular lesions on brain MRI or MRA.

###### 

Clinical Profiles of Patients in the DAT-positive Group.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case   Age   Sex   Drugs             Duration to worse/onset   Preclinical symptom        Motor symptom      Nonmotor manifestations   Response to Levodopa   DAT-SPECT   MIBG                                                                                    
  ------ ----- ----- ----------------- ------------------------- --------------------- ---- --------------- -- ------------------------- ---------------------- ----------- ------ -- ---- ---- ---- --------------- ------------------------ ------ ------ ------- -------------
  1      65    F     Sulpiride\        5 months                  \-                    \-   \-                 resting                   \+                     \+          \+        \-   \-   \-   \+              Grade 2 \"egg shape\"    3.41   4.06   17.3%   normal 2.25
                     Amitriptyline                                                                                                                                                                                                                                  

  2      73    M     Sulpiride         2 months                  \+                    \+   \+                 resting                   \+                     \+          \+        \+   \-   \-   \+              Grade 3 \"mixed type\"   2.59   2.87   10.2%   low 1.64

  3      64    F     Sulpiride         1 year                    \+                    \-   \-                 resting                   \+                     \+          \+        \+   \-   \-   no medication   Grade 3 \"mixed type\"   2.65   3.94   39.3%   low 1.72

  4      78    F     Sulpiride         2 weeks                   \+                    \-   \-                 resting                   \+                     \+          \+        \+   \-   \-   \+              Grade 3 \"mixed type\"   3.29   4.32   26.9%   low 2.15

  5      71    M     Quetiapine\       3 months                  \+                    \-   \+                 resting                   \+                     \+          \+        \+   \+   \+   no medication   Grade 2 \"egg shape\"    2.94   2.82   4.2%    low 1.17
                     Tiapride                                                                                                                                                                                                                                       

  6      68    F     Metoclopramide\   3 weeks                   \-                    \-   \-                 resting                   \+                     \+          \+        \-   \-   \-   \+              Grade 2 \"egg shape\"    2.49   2.20   12.1%   low 1.21
                     Paroxetine\                                                                                                                                                                                                                                    
                     Puloxetine                                                                                                                                                                                                                                     

  7      74    F     Sulpiride         1 week                    \+                    \-   \+                 resting                   \+                     \+          \+        \+   \+   \+   no medication   Grade 2 \"egg shape\"    3.24   4.17   25.1%   low 1.48

  8      81    F     Sulpiride         2 weeks                   \+                    \-   \-                 resting                   \+                     \+          \+        \+   \-   \-   no medication   Grade 2 \"egg shape\"    1.62   1.53   4.5%    normal 2.23

  9      71    M     Sulpiride         1 month                   \+                    \-   \-                 \-                        \+                     \+          \+        \+   \-   \-   \+              Grade 2 \"egg shape\"    3.52   2.93   18.4%   low 1.26

  10     69    F     Sulpiride         1 year                    \-                    \-   \-                 resting                   \+                     \+          \+        \-   \-   \-   \+              Grade 2 \"egg shape\"    3.84   3.56   7.6%    low 1.39

  11     69    F     Sulpiride         2 weeks                   \-                    \-   \-                 postural                  \+                     \+          \+        \+   \-   \-   \+              Grade 2 \"egg shape\"    2.90   3.29   12.6%   low 1.21
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

![Representative images of the DAT-positive and DAT-negative groups. The DAT-positive group showed abnormal results on DAT-SPECT (A) and a decreased delay in the MIBG uptake on myocardial scintigraphy (B). These findings indicate PD. The DAT-negative group, in contrast, showed normal results on DAT-SPECT (C) and a normal delayed MIBG uptake (D), indicating DIP.](1349-7235-59-0485-g001){#g001}

###### 

Clinical Profiles of Patients in the DAT-negative Group.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Case   Age   Sex   Drugs                      Duration to worse/onset   Preclinical symptom        Motor symptom      Nonmotor manifestations   Response to Levodopa   DAT-SPECT   MIBG                                                                                
  ------ ----- ----- -------------------------- ------------------------- --------------------- ---- --------------- -- ------------------------- ---------------------- ----------- ------ -- ---- ---- ---- --------------- -------------------- ------ ------ ------- ------------------
  1      73    M     Lithium\                   1 year                    \-                    \-   \-                 Postural                  \+                     \+          \-        \-   \-   \-   \-              Grade 5 \"normal\"   4.58   5.49   18.1%   normal 3.34
                     Nifedipine                                                                                                                                                                                                                                          

  2      76    F     Sulpiride                  10 years                  \-                    \-   \-                 \-                        \+                     \+          \-        \-   \-   \-   no medication   Grade 5 \"normal\"   6.59   6.22   5.8%    not investigated

  3      76    M     Sulpiride                  1 year                    \-                    \-   \-                 resting                   \+                     \+          \+        \-   \-   \-   \-              Grade 5 \"normal\"   6.60   6.13   7.4%    normal 3.68

  4      52    M     Sulpiride                  1 month                   \-                    \-   \-                 \-                        \+                     \+          \-        \-   \-   \-   no medication   Grade 5 \"normal\"   7.41   6.87   7.5%    normal 2.34

  5      68    F     Quetiqpine\                1 month                   \-                    \-   \-                 resting                   \+                     \+          \-        \-   \-   \-   no medication   Grade 5 \"normal\"   4.86   4.99   2.6%    normal 2.30
                     Sodium valproate                                                                                                                                                                                                                                    

  6      68    M     Lithium Sodium valproate   1 year                    \-                    \-   \-                 postural                  \+                     \-          \-        \+   \-   \-   no medication   Grade 5 \"normal\"   5.64   5.23   7.5%    not investigated

  7      74    F     Prochlorperazine           3 months                  \+                    \-   \-                 \-                        \+                     \+          \-        \+   \-   \-   no medication   Grade 5 \"normal\"   5.18   5.87   12.5%   not investigated

  8      73    F     Olanzapine                 2 weeks                   \-                    \-   \-                 resting                   \+                     \+          \+        \-   \-   \-   no medication   Grade 5 \"normal\"   6.59   8.35   23.5%   not investigated

  9      84    F     Haloperidol                6 months                  \-                    \-   \-                 resting                   \+                     \+          \-        \-   \-   \-   no medication   Grade 5 \"normal\"   5.39   4.64   15.0%   normal 2.77

  10     54    M     Olanzapine                 2 years                   \-                    \-   \-                 \-                        \+                     \-          \+        \+   \-   \-   no medication   Grade 5 \"normal\"   5.80   6.08   4.7%    normal 2.38

  11     64    M     Escitalopram               9 months                  \-                    \-   \-                 \-                        \+                     \-          \-        \-   \-   \-   no medication   Grade 5 \"normal\"   5.96   6.01   0.8%    low 1.78

  12     76    M     Sulpiride                  3 years                   \-                    \-   \-                 Postural                  \+                     \-          \+        \-   \-   \-   no medication   Grade 5 \"normal\"   6.57   6.64   1.0%    normal 2.51
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

We failed to detect a significant statistical difference between the DAT-positive and DAT-negative group with regard to age, sex, or non-motor symptoms, such as urinary disturbance, orthostatic hypotension, or cognitive impairment ([Table 3](#t003){ref-type="table"}). The duration to worsening/onset was longer in the DAT-negative group than in the DAT-positive group (p=0.027). Seven patients in the DAT-positive group had at least one symptom among constipation, RBD, and hyposmia, whereas only 1 patient in the DAT-negative group exhibited any of these symptoms (p=0.009). We only tested cases 1 and 9 in the DAT-negative group for hyposmia, using the OSIT-J, and found their scores to be normal (7 and 8, respectively) ([@B11]). Although there was no statistically significant difference between the DAT-positive and DAT-negative group in measures such as tremor (p=0.145) and postural tremor (p=0.590), the rate of resting tremor was significantly higher in the DAT-positive group than in the DAT-negative group (p=0.036). Furthermore, there were no significant differences in the occurrence of rigidity or bradykinesia. While all 11 patients in the DAT-positive group showed significant asymmetry, only 4 showed asymmetry in the DAT-negative group (p=0.001). Urinary dysfunction was significantly more frequent in the DAT-positive group (p=0.039), while there were no significant differences in the occurrence of non-motor symptoms, such as orthostatic hypotension and cognitive impairment.

###### 

Summary of Clinical Data in Patients with PD and DIP.

                            PD           DIP         p value
  ------------------------- ------------ ----------- ---------
  **Patients**                                       
  Age, years                71.2±5.1     69.8±9.4    1.000
  Sex, Male(M), Female(F)   M 3, F 8     M 7, F 4    0.140
  Duration, month           3.4±4.5      19.7±33.3   0.027\*
  **Preclinical symptom**                            
  Constipation              7 (63.6%)    1 (9.1%)    0.009\*
  RBD                       1 (9.1%)     0 (0%)      0.478
  Hyposmia                  3 (27.3%)    0 (0%)      0.093
  **Motor symptom**                                  
  Tremor                    10 (90.9%)   6 (54.5%)   0.145
  Resting                   9 (81.8%)    3 (27.3%)   0.036\*
  Postural                  1 (9.1%)     3 (27.3%)   0.590
  Rigidity                  11 (100%)    11 (100%)   1.000
  Bradykinesia              11 (100%)    7 (63.6%)   0.093
  Laterality of symptom     11 (100%)    4 (36.4%)   0.001\*
  **Non-motor symptom**                              
  Urinary disturbance       8 (72.7%)    3 (27.3%)   0.039\*
  Orthostatic hypotension   2 (18.2%)    0 (0%)      0.217
  Cognitive impairment      2 (18.2%)    0 (0%)      0.217

During follow-up of the patients, seven in the DAT-positive group still had symptoms and recovered after taking levodopa. In contrast, 10 patients in the DAT-negative group improved after stopping neuroleptics, while 2 did not improve. In addition, levodopa treatment failed to improve their symptoms.

Discussion
==========

This study supports the notion that certain clinical features, such as constipation, resting tremor, asymmetry of motor symptoms, and urinary disturbance, may help differentiate PD from pure DIP. Furthermore, two patients in the DAT-negative group whose condition did not improve even after quitting neuroleptics may have had drug-induced secondary neuronal damage.

While DIP is characterized by the rapid onset of symmetric symptoms, the absence of tremor or akathisia, and the occurrence of bucco-linguo-masticatory dyskinesias ([@B3], [@B19]), clinically diagnosing patients with DIP can be difficult, as some symptoms overlap with PD ([@B20]). Furthermore, DIP may progress slowly or remit in approximately 10% of cases, even after the discontinuation of neuroleptic drugs. Interestingly, PD and DIP appear to have some distinct neuropathological features. For example, presynaptic dopamine-secreting neurons are diminished in PD ([@B21]) but are intact in patients with pure DIP ([@B22]). Therefore, antagonizing dopaminergic receptor transmission in patients with PD may accelerate and worsen their symptoms-a feature not shared by pure DIP, where the dopaminergic nerve terminals are intact. From a clinical perspective, patients with DIP and PD may exhibit resting tremors, asymmetry of motor symptoms, and urinary dysfunctions not found in pure DIP, as well as constipation.

Regarding these modes of discriminating patients with pure DIP from those with DIP and PD, it is important to consider tests that can help predict which patients may be more receptive to levodopa treatment and which may be more susceptible to the detrimental impact of neuroleptics in precipitating PD. Furthermore, the availability of functional neuroimaging versus the accuracy of clinical neurological examinations in differentiating PD from pure DIP may influence future clinical practice.

Neurologists sometimes encounter patients with DIP whose symptoms do not seem to improve even after the neuroleptic drugs are discontinued. Neuroleptic drugs themselves not only block dopaminergic receptors but also inhibit the production of neurotrophic factors and neurotoxic free radicals ([@B23]). Interestingly, Foubert-Samier et al. showed that neuroleptics can increase the long-term risk of PD ([@B24]). In accordance with this possibility, our results showed the maintenance of H/M ratios on MIBG myocardial scintigraphy in 2 of 11 patients in the DAT-positive group, although low H/M ratios are less commonly observed in early-stage PD than late-stage PD ([@B25]). Furthermore, while olfactory dysfunction has been reported in approximately 90% of patients with early-stage PD ([@B26]), only a quarter of the patients in our DAT-positive group showed hyposmia. While we have no clear explanation for these results, they may indicate secondary dopaminergic neuronal damage induced by neuroleptic drugs.

This study has several limitations. First, our sample size was small, and future studies using a larger cohort may thus be warranted. Second, the patients in the DAT-positive group in our study showed parkinsonism after just a short duration on neuroleptic medication. However, previous studies have shown that patients only show these symptoms after neuroleptic treatment for several months ([@B5], [@B27]). While the effect observed here may have been driven by chance, it is also possible that the patients with PD in our clinical sample were particularly susceptible to neuroleptic drugs. Third, the number of patients who showed RBD in the DAT-positive group in our study was small; however, the frequency of RBD has previously been reported to be between 33% and 60% in patients with PD ([@B28], [@B29]). This emphasizes the above-mentioned point that findings from small sample sizes need to be interpreted with caution. Fourth, most patients in the DAT-positive group showed a low H/M ratio on MIBG myocardial scintigraphy. As mentioned earlier, however, almost half of patients in the early stages of PD show a normal H/M ratio. This discrepancy may be another result of the small number of patients included in this study. Furthermore, we were able to perform MIBG myocardial scintigraphy in only 8 of the 12 patients in the DAT-negative group. Among these eight patients, seven showed normal results on MIBG myocardial scintigraphy. Two patients showed no response to levodopa treatment, and their symptoms showed little recovery. There is a possibility that some of the remaining four patients would have shown a low H/M ratio on MIBG myocardial scintigraphy. Fifth, we were only able to evaluate hyposmia using the OSIT-J, except for in two patients. The OSIT-J is a useful tool for examinations of Japanese PD patients ([@B30]). Further studies will therefore be needed for the evaluation of hyposmia.

Conclusion
==========

This study shows that patients with PD can be differentiated from those with DIP based on an assessment that combines DAT-SPECT and motor symptom asymmetry. This approach may help clinicians decide whether or not to administer neuroleptics to patients with suspected PD. Furthermore, our data suggest that neuroleptic drugs may induce dopaminergic neuronal damage.
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